Abstract. This paper presents a virtual structures in multi-UAVs formation flight via consensus strategies. By using consensus strategies, each UAV can track coordination vector, the desired formation shape can be preserved accurately. For the multi-UAVs control problem, applying a novel base-on outdated and predicted state consensus algorithm (NOPSC) to ensure accurate formation maintenance through information coupling between local neighbors, and the formation control problem is transformed into each UAV tracks its desired state.
Introduction
At present, consistency theory has been widely studied in multiple ground mobile robots formation control, UAV formation control, AUV (Autonomous Underwater Vehicle) formation cooperative, satellite formation, spacecraft formation cooperative control in [1, 2] . A consensus-based design scheme is applied to the formation control of multiple-wheeled mobile-robot group with a virtual leader in [1] . In [3] proposes a distributed control strategy based on the consensus protocol for formation flight of unmanned aerial vehicles. In [4] , the small-scale formation control of autonomous underwater vehicles (AUVs) was investigated with consensus algorithms and virtual structure. In [5] presents a general framework for synchronized multiple spacecraft rotations via consensus-based virtual structure. In [6] consensus tracking protocol with a time-varying reference state is extended to achieve the formation control.
This paper presents a virtual structures in multi-UAVs formation flight via consensus strategies. By using consensus tracking strategies, each UAV can track coordination vector. Then, the desired formation shape can be preserved accurately. Meanwhile, for the multi-UAVs control problem, applying a novel base-on outdated and predicted state consensus algorithm (NOPSC) to ensure accurate formation maintenance through information coupling between local neighbors.
Problem Statement and Preliminaries
In this section, some preliminary notation and properties for UAV formation flying would be introduced.
Kinematics of a UAV
The point mass model is considered for the formation flight. Each UAV is assumed to fly at a feasible constant altitude, parallel to the two-dimensional region to be surveyed. A commonly used non-linear kinematics model is described by the following differential equation: 
 denotes the control input.
Graph Theory Notations
In a multi-agent system, the information flow between two agents can be regarded as a directed path between the nodes. Let 
, the matrix L satisfies the following conditions:
Formation control consensus algorithm

Virtual Structure
In this work, we are developing a virtual structure approach for multiple UAVs formation control. can be described as:
Consensus Tracing Algorithm.
On the formation consensus tracing level, each UVA tracks the state of the virtual center via a consensus tracking algorithm as: For multi-agent formation control problem, using the following formation control strategy 1 i u :
Where 0 i a > , in order to improve the convergence rate of formation control algorithm, a novel base-on outdated and predicted state consensus algorithm (NOPSC) is studied in this work. Let
Therefore, the proposed new control algorithm can be expressed as:
Experimental Results
Assuming has four UAVs formation flight in a diamond motion given in Fig.1 , Diamond side length is 60m, Fig . 3 shows the virtual center tracking errors, due to UAV1 and UAV4 know the states of the virtual center, therefor, its tracking errors are equal to zero. UAV2 and UAV3 quickly converge to zero. Note that the group is able to travel in tight formation around the circle as shown in Fig. 4(a) with relative position errors between 0.5405m and 0.6214m as shown in Fig. 4(b) . Also note that velocity gradually converges to the desired velocity 5 ( / ) table 1 . From the table, we can see algorithm (6) on the control effect and convergence rate are better than algorithm (4).
Conclusion
We propose a distributed formation control algorithm. By using consensus algorithms, the UAVs come into agreement on the position and velocity of the virtual center. The UAVs then apply a consensus-based formation control algorithm to track their desired positions and maintain the formation geometry. Simulation experimental results have shown the effectiveness of the algorithm.
